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Introduction
Parkinson's disease (PD) is the second most common neurodegenerative disorder affecting about 1% of the population over 55 years of age (de Lau & Breteler, 2006) . The disease is marked by the loss of midbrain dopamine neurons in the nigrostriatal pathway (Gibb & Lees, 1991) . Patients with PD display a number of motor deficits including bradykinesia, muscle rigidity, postural instability, & resting tremor (Deumens et al., 2001 ). However, a significant number of PD patients exhibit cognitive deficits even in the early stages of the disease (Muslimovic et al., 2005) . Many of these deficits can be characterized as impairments in executive functioning (Leh et. al, 2010; Watson and Leverenz, 2010; Swainson et al., 2000) .
One executive dysfunction that is prominent in PD is a deficit in adapting strategies or rules (Owen et al., 1992; Peterson et al., 2009) . The ability to switch rules or strategies is often referred to as cognitive flexibility and is a predictor of daily living quality in PD even after accounting for the variance contributed by motor symptoms (Shrag et al., 2010) . Understanding the pathophysiology that contributes to cognitive flexibility deficits and developing PD models that encompass these cognitive deficits is critical for developing efficacious treatments.
One test used to investigate cognitive flexibility deficits in PD is a probabilistic reversal learning test (Buelow et al., 2015; Cools et al., 2001; Peterson et al., 2009; Swainson et al., 2000) . Probabilistic learning tests are often used because they may represent experiences that occur in one's life in which a certain choice or experience is frequently, but not always, rewarded. Moreover, these tests can help determine when a certain clinical condition or experimental manipulation alters sensitivity to positive or negative reinforcement. In this paradigm, a subject initially learns to choose one of two choices that is associated with a high level of positive reinforcement, e.g. 80%, while another choice is associated with a low level of positive reinforcement, e.g. 20%. After initial learning, the reinforcement contingencies are reversed and a subject must learn to select the other choice. Several studies have demonstrated that PD patients can initially acquire a visual discrimination using a probabilistic learning procedure, but are impaired during reversal learning (Cools et al., 2001; Peterson et al., 2009; Swainson et al., 2000) . When PD patients are matched for disease severity, Cools and colleagues (2001) demonstrated that both medicated PD patients and those on withdrawal from dopaminergic medication were impaired in probabilistic reversal learning. A more recent study 4 corroborated these findings and also demonstrated that PD patients on withdrawal from dopaminergic medications were less likely to notice a change in reward contingencies compared to controls, especially when the difference between reward probabilities for the 'correct' and 'incorrect' choices were narrow, e.g. 75% vs. 50% as opposed to 75% vs. 25% (Peterson et al., 2009) .
A well-characterized neuropathological finding in PD is the loss of midbrain dopamine neurons that are principally part of the nigrostriatal pathway (reviewed in Gaig and Tolosa, 2009 ). Before PD symptoms become apparent, there is approximately a 50-80% reduction in striatal dopamine content (Deumens et al., 2002; Kish et al., 1988) . How this decrease in striatal dopamine content contributes to cognitive flexibility deficits in PD is not well understood.
However, a study examining dopamine transporter activity found that executive function decline in PD was predicted by a combination of the Unified Parkinson's Disease Rating Scale and decreased dopamine transporter activity in the caudate (Arnaldi et al., 2012) suggesting that decreased dopamine signaling in the caudate may contribute to cognitive flexibility deficits in PD.
In rodents, the dorsomedial striatum may be comparable to the primate caudate (Kirik et al., 1998) .
There is substantial evidence based on neurotoxic lesions or specific pharmacological treatments that the rodent dorsomedial striatum supports cognitive flexibility (Braun and Hauber, 2011; Castañé et al., 2010; Joel et al., 2003; McCool et al., 2008; O'Neill and Brown, 2007; Pisa and Cyr, 1990; Palencia and Ragozzino, 2004; Ragozzino and Choi, 2004; Tzavos et al., 2004) . Furthermore, evidence indicates that phasic dopamine signaling in the dorsomedial striatum can dynamically change when cues that are predictive of a reward switch (Brown et al., 2011; Klanker et al., 2015) . Moreover, past studies indicate that dopamine neuronal responses represent a difference in the predicted reward and the actual outcome (Hollerman et al., 1998; Schultz et al., 1997) . This seems to be the case even when rewards are presented in a probabilistic manner (Morris et al., 2004) . Thus, when reward contingencies are reversed phasic dopamine signaling in forebrain areas, i.e. the dorsomedial striatum, may be crucial to indicating a choice pattern should be switched.
Further evidence that dopamine signaling in the dorsomedial striatum may influence a switch in choice patterns when task contingencies change comes from studies demonstrating that 5 dopamine depletion in the dorsomedial striatum with the catecholamine neurotoxin 6-hydroxydopamine (6-OHDA) impairs reversal learning compared to that of sham controls (Haik et al., 2008; O'Neill and Brown, 2007; Tait et al., 2017) . However, unknown is whether 6-OHDA lesions of the dorsomedial striatum impair reversal learning due to altering sensitivity to positive and/or negative reinforcement. Further, past studies have not determined whether dopamine depletion in the dorsomedial striatum impairs reversal learning due to perseveration of the previously learned choice pattern and/or inability to maintain the new choice once selected.
This is important to determine as certain drugs have been found to affect specific processes (Amodeo et al., 2014; Baker et al., 2011; Ragozzino et al., 2012; Tzavos et al., 2004) and thus can provide insights into what may be the most effective treatments in alleviating cognitive deficits in PD. To address these issues, the present study investigated whether dopamine depletion in the dorsomedial striatum of male Long-Evans rats affects spatial acquisition and/or reversal learning using a probabilistic learning procedure that included an examination of different types of errors.
Experimental Procedures Subjects
Twenty-two male Long-Evans rats, weighing between 335 and 400g at the start of the experiment served as subjects. The rats were housed separately in plastic cages (26.5 x 50 x 20 cm) in a temperature (70-73°F) and humidity (20-50%) 
Surgery
Rats were anesthetized with ketamine (100mg/kg) and xylazine (10mg/kg) and then placed in a stereotaxic frame. An incision was made to retract the scalp and expose the skull.
Four holes were drilled bilaterally above the dorsomedial striatum. To deplete dopamine in the 6 dorsomedial striatum, rats received bilateral injections at 2 different sites for a total of 4 injections of 10 µg 6-hydroxydopamine hydrochloride in 1 µl saline containing 0.01% ascorbic acid per site at the following coordinates: anterior-posterior (AP) +1.2, mediolateral (ML) ±2.0, dorsoventral (DV) -5.0 and AP +0.2, ML ±2.3, DV -5.5. Injections were made using an injection needle connected to polyethylene tubing that was attached to a 10 µl Hamilton syringe. This syringe was assembled onto a microinfusion pump that was programmed to infuse a volume of 0.25 µl per minute for a total volume of 1 µl. After the infusion was completed, the injection needle was left in place for an additional 3 minutes so diffusion could occur. Sham controls received bilateral 1 µl injections of 0.9% saline using the same procedure. After surgery, each rat was given a subcutaneous injection of Metacam® (1mg/ml) and received a ground rat chow mash. The following day, each rat was fed standard rat chow ad libitum. Ten days after surgery, rats were food restricted until they reached 85-90% of their ad libitum weight. This food restriction usually required 4-5 days after which rats were fed an amount of rat chow to stabilize their weight. Behavioral training started the day after a rat's weight was stabilized
Apparatus
Training and testing occurred in a four arm cross maze made of black acrylic. Maze arms contained a base that was 10 cm wide x 55 cm long, two side walls that were 15 cm high by 55 cm long and a back wall that was 8 cm wide and 15 cm high. A 10 x 10 cm square base piece connected all four arms together. A circular food well (3.2 cm diameter and 1.6 cm deep) was located 3 cm away from the end of each arm. The maze was elevated 72 cm above the floor in a room with various extra-maze cues.
Spatial Discrimination Task
Training Procedure. Maze training began 15-16 days post-surgery. A similar training procedure was used as in past studies (Brown et al., 2012; McCool et al., 2008) . In the initial training session, a piece of Froot Loops cereal (Kelloggs, Battle Creek, MI) was placed in each of the 4 food wells. A rat was placed in one arm and allowed to freely explore the maze for 15 minutes. If all cereal pieces were consumed before 15 minutes expired, a rat was placed in a holding cage and all food wells were rebaited. Subsequently, a rat was placed back in the maze and again could freely explore the maze and consume cereal pieces. These trials were repeated 7 until 15 minutes had elapsed. This procedure continued in subsequent sessions, except that a rat was picked up after consuming a cereal piece and placed in a different maze to acclimate being handled. This procedure was used until a rat completed 5 trials within 15 minutes across 2 consecutive sessions.
In the final training stage a black plastic block was inserted at the entrance to one of the arms, giving the maze a T-shape. The food wells in the arms to the right and left of the block were baited, while the food well directly across from the block was left empty. A rat was placed in the empty start arm and had to turn right or left in order to retrieve a cereal piece. The direction of this initial turn was recorded and the rat was then returned to the start arm. The rat was allowed to again choose an arm until the remaining reward was collected. This procedure was repeated for a total of 7 trials. Spatial discrimination testing began the following day. The number of training sessions for rats ranged from 3-9 sessions.
Test Procedure. The day after completing training rats were tested in a two-choice spatial discrimination in the cross maze. Each rat was tested on acquisition and reversal learning of a spatial discrimination over two consecutive days using a probabilistic learning procedure as described previously (Brown et al., 2012) . A probabilistic learning procedure was used in both test sessions. In the acquisition phase, one choice arm (e.g. the north arm) was designated as the 'correct' arm and contained a half piece of cereal on 80% of the trials. On the other 20% of trials, the 'incorrect' arm was baited with a half piece of cereal. The east and west arms served as start arms and were switched pseudo randomly with a maximum of two consecutive trials from the same arm. The first two trials of the test always contained a reinforcement in the 'correct' arm.
Acquisition criterion was achieved when a rat entered the 'correct' arm for 10 consecutive trials.
Thus, a rat had to learn to always enter the same maze arm based on spatial location for 10 consecutive trials. On the second day of testing (reversal learning), the 'correct' and 'incorrect' arms were reversed from those on acquisition such that a rat was required to enter the arm opposite to that on acquisition. Thus, the new 'correct' arm was reinforced on 80% of the trials and the new 'incorrect' arm was reinforced on 20% of the trials. The first two trials of the test always contained a reinforcement in the 'correct' arm. The criterion for reversal learning was 10 consecutive trials for entering the new 'correct' arm. Total trials to criterion were counted and served as a measure of the ability to learn and reverse task contingencies.
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Error Analysis. Additional measures were analyzed in the reversal learning phase to determine whether dopamine depletion in the dorsomedial striatum altered perseveration or regressions back to the previously 'correct' choice after perseveration had ceased. Perseveration involved continuing to choose the spatial location that was 'correct' in the acquisition phase, and was defined as entering the 'incorrect' maze arm for three or more trials in consecutive blocks of four trials each. This criterion is similar to that used in past studies (Baker et al., 2011; McCool et al., 2008) . Once a rat made fewer than three errors in a block, all subsequent errors were counted as regressive errors. This allowed a measure of the ability to maintain a new choice after initially shifting away from the previously correct choice.
Win-Stay/Lose-Shift Analysis. Comparable to past studies (Amodeo et al., 2012; Bari et al., 2010; Brown et al., 2012) , an additional analysis was conducted to determine whether treatment with 6-OHDA in the dorsomedial striatum affected a rat's sensitivity to reinforcement or no reinforcement on 'correct' trials. A rat's choices in the test were analyzed based on the outcome (reinforcement or no reinforcement) of each preceding trial and expressed as a ratio.
For 'correct' trials, a win-stay ratio was determined by the number of times a rat received a reinforcement in the 'correct' arm and then chose the same 'correct' arm on the subsequent trial.
This number was then divided by the total number of reinforced trials for the 'correct' trials only.
The lose-shift ratio was determined by the number of times a rat changed its choice after not receiving reinforcement in the 'correct' arm on the previous trial, divided by the total number of non-reinforced trials for only 'correct' trials.
Histological Analysis
After completion of behavioral testing, rats were given an overdose of sodium pentobarbital. Rats were intracardially perfused with 0.9% phosphate buffered saline followed by 4% formaldehyde solution. The brain was removed and stored in 20% sucrose/formalin solution.
Each brain was then frozen in a cryostat and 50 µm coronal sections containing the striatum and midbrain sections containing the substantia nigra were obtained. Anti-tyrosine hydroxylase staining was used to determine the extent of dopamine depletion in the striatum and substantia nigra pars compacta (SNc). The tissue was processed according to the following procedure: 3 10- To determine the change in TH-staining intensity in the dorsomedial striatum, images of TH-stained coronal sections of the striatum were taken at approximately 0.2 and 1.2 mm anterior to bregma. The dorsomedial striatum was anatomically defined based on separate frontal cortical projections to distinct striatal regions (Voorn et al., 2004) . For each section and each
hemisphere an oval-shape ring was drawn identifying the dorsomedial striatum. The TH intensity was measured within this defined region using ImageJ. At the 0.2 mm AP level, the ring was defined medially as the area juxtaposed to the lateral ventricle, dorsal as the area bordering the corpus callosum, laterally to the level of the M1/S1HL border and ventrally to the dorsal tip of the ventral lateral septum. At the 1.2 mm AP level, the ring was defined medially as the area juxtaposed to the lateral ventricle, dorsal as the area bordering the corpus callosum, laterally to the level of the M2/M1 border and ventrally to dorsal tip of the ventral lateral septum. Because of the variability that can occur across TH staining runs, we used an internal control for each section. Specifically, for each section and each hemisphere an equal size ring was used to measure TH intensity based on an area ventrolateral to the dorsomedial striatal ring. The difference in TH intensity between the dorsomedial area and ventrolateral area was calculated for each section in both the left and right hemispheres.
Statistical Analysis
All the results analyzed passed the Shapiro-Wilk test for normality. In addition, F-tests for equality of variance indicated that for all measures analyzed there was not a significant difference in the variance between the groups. To examine the effects of 6-OHDA lesions in the dorsomedial striatum on the acquisition and reversal of the probabilistic spatial discrimination task, two-tail Students t-tests were performed. Additional t-tests were conducted determine if there were differences between the groups on win-stay performance, lose-shift performance, the numbers of perseverative and regressive errors made, and the number of TH-immunoreactive cells in the SNc. A Pearson correlation test was used to examine the relationship between difference in TH intensity of the dorsomedial striatum to the number of trials to reversal criterion, perseverative errors, regressive errors and lose-shift probability. Unless otherwise noted, for all tests an alpha level of 0.05 was set for significance.
Results
Histology.
Figure 1 illustrates a representative example of a bilateral 6-OHDA lesion in the dorsomedial striatum. In 6-OHDA-lesioned rats, tyrosine hydroxylase staining was absent in the dorsomedial sector of the striatum reflecting the depletion of dopamine from this region. The area of dopamine depletion was greatest in coronal sections 0.70 mm to 1.20 anterior to bregma based on the atlas of Paxinos & Watson (1998) . For the 6-OHDA group, dopamine depletion ranged from -0.30 mm to 2.2 mm anterior to bregma (see Figure 2) . Two rats injected with 6-OHDA were excluded from the behavioral analyses because anti-TH staining revealed no 6-OHDA lesion in the dorsomedial striatum. A third rat injected with 6-OHDA was excluded because histology revealed there was only a unilateral lesion. A total of 9 lesion and 10 sham rats remained in each group and were counted in the final analyses.
Spatial Discrimination Test
Training. The number of training sessions for rats ranged from 3-9. The mean number of training sessions for sham rats was 5.10 ±0.6 and for 6-OHDA lesioned rats was 5.89 ±0.7.
The difference in the number of training sessions between the groups was not significant, t(17) = 0.86, P > 0.05.
Acquisition and Reversal Learning. Both groups required approximately 80 trials to reach criterion in acquisition (see Figure 3A) . The difference in trials to criterion between the groups on acquisition was not significant, t(17)=.027, P>0.05. In the reversal learning test, 6-OHDAlesioned rats required approximately double the number of trials as sham controls to achieve criterion (see Figure 3B) . Figure 3E) . The difference in Win-Stay probabilities between the 6-OHDA-lesioned rats and sham rats was not significant, t(17)=1.71, P>0.05.
However, 6-OHDA-lesioned rats exhibited a significantly higher lose-shift probability than sham rats, t(17)=2.36, P<0.05.
TH intensity Difference in the Dorsomedial Striatum
There was not a difference in the TH intensity change between hemispheres or coronal sections. Thus, for each rat the different intensity measures were collapsed into a single number.
TH intensity differences in 6-OHDA-lesioned rats were significantly decreased compared to that of sham controls, t(17)=5.05, P<0.0001.
Pearson correlations were conducted to determine whether there was a relationship between TH intensity change in the dorsomedial striatum and the behavioral measures in which there was a significant treatment effect. Because multiple correlations were conducted a
Bonferroni correction was applied such that the significant alpha value was set at 0.00625. For reversal learning, there was not a significant correlation in the sham group for TH intensity difference and trials to criterion, r(10) = 0.0001, P > 0.00625. In contrast, for the lesion group there was a significant correlation between TH intensity difference and trials to criterion, r(9) = -0.85, P < 0.00625. For perseverative errors, there was not a significant correlation between TH intensity difference and perseverative errors in the sham group, r(10) = -0.34 or lesion group, r(9) = 0.46, P's > 0.00625. The sham group did not show a significant correlation between TH intensity difference and regressive errors, r(10) = 0.04, P > 0.00625. In the lesion group the correlation between TH intensity difference and regressive errors approached significance, r(9) = -0.80, P = 0.01. For lose-shift probability, there was not a significant correlation between TH 12 intensity difference and lose-shift probability in the sham group, r(10) = -0.01, P > 0.00625. In the lesion group, there was not a significant correlation between TH intensity difference and lose-shift probability, r(9) = 0.70, P > 0.00625. 
SNc TH + Cell Count
Discussion
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The present study revealed that dopamine depletion in the dorsomedial striatum impairs probabilistic reversal learning suggesting that dopamine signaling in this striatal subregion is critical for behavioral flexibility under conditions in which reinforcement is presented in a probabilistic manner. These results are consistent with previous reversal learning studies in which dorsomedial striatal excitotoxic lesions, muscarinic receptor blockade or NMDA receptor blockade in this region selectively impairs reversal learning in rats (Castane et al., 2010; Palencia and Ragozzino, 2004; Ragozzino and Choi, 2004; Tzavos et al., 2004) . In contrast, the same manipulations of the dorsolateral striatum do not affect reversal learning (Castane et al., 2010; Palencia & Ragozzino, 2005; Ragozzino et al., 2009 ). Further, 6-OHDA lesions of the dorsolateral striatum in rats do not impair acquisition or reversal learning of a spatial discrimination, but do impair the initial learning of an egocentric response strategy (Braun et al., 2015; Seip-Cammack et al., 2017) or an instrumental habit response (Faure et al., 2010) . Taken together with the present results, the findings suggest that dopamine depletion in the dorsomedial striatum selectively impairs spatial reversal learning. Moreover, because dopamine depletion in the dorsomedial striatum did not affect the acquisition of a spatial discrimination, the reversal learning deficit can not be explained by a more general effect on motor activity or motivation.
Further, 6-OHDA-lesioned rats showed a deficit similar to that in PD patients using discrimination tests with probabilistic reinforcement. In particular, regardless of their medication status, PD patients were able to initially learn a visual discrimination, but made more errors in reversal learning compared to that of healthy controls (Buelow et al., 2015; Cools et al., 2001 , Peterson et al., 2009 . These findings in conjunction with the present results suggest that degradation of dopamine signaling within the caudate region of PD patients may, at least in part, contribute to the probabilistic reversal learning deficit.
In the probabilistic reversal learning test, 6-OHDA-lesioned rats displayed an increase in perseverative and regressive errors compared to that of sham controls. Several studies that showed a behavioral flexibility deficit with a manipulation of the dorsomedial striatum resulted in a selective increase in regressive errors suggesting that this area is critical for the maintenance of a new response pattern once selected (McCool et al., 2008; Tzavos et al., 2004; Palencia & Ragozzino, 2004; Ragozzino et al., 2002) . However, supranormal stimulation of dopamine D2 receptors in the nucleus accumbens impairs behavioral flexibility by increasing perseverative errors or regressive errors (Haluk & Floresco, 2009 ). 6-OHDA lesions of the striatum leads to an 14 increase in dopamine D2 receptor activity (Choi et al., 2012) and direct infusion of a dopamine D2/D3 receptor agonist into the dorsal striatum leads to perseverative behavior in rats that received a bilateral injection of 6-OHDA into the striatum (Faure et al., 2010) . This raises the possibility that 6-OHDA lesions of the dorsomedial striatum altered dopamine signaling at dopamine D2 receptors to produce perseverative behavior.
Another possibility that is not mutually exclusive of an alteration in dopamine D2 receptor activity, is that dopamine depletion in the dorsomedial striatum altered signaling from the prefrontal cortex. Previous experiments have shown 6-OHDA lesions of the nigrostriatal pathway modify neuronal firing in the medial prefrontal cortex (Gui et al., 2011; Zhang et al., 2010) . The medial prefrontal cortex projects to the dorsomedial striatum (Conde et al., 1995) and past studies have shown that the medial prefrontal cortex is also important in behavioral flexibility by reducing perseverative responses during the initial trials of a set-shift (Ragozzino et al., 2003; Floresco et al., 2008) . In addition, contralateral disconnection of the medial prefrontal cortex and dorsomedial striatum leads to a combination of perseverative and regressive errors during a behavioral flexibility test (Baker & Ragozzino, 2014) . Thus, dopamine depletion of the nigrostriatal pathway may lead to broader neural system pathophysiology that impairs corticostriatal coordination for the initial inhibition of a previously learned strategy and maintenance of a new strategy with a change in environmental contingencies.
Dopamine depletion of the nigrostriatal system likely affects multiple neural systems that project to the striatum. The parafascicular nucleus of the thalamus is another forebrain area that projects into the striatum (Lapper & Bolam, 1992) . Parafascicular neurons, in particular, have a strong input to striatal cholinergic interneurons (Lapper & Bolam, 1992) . Various studies indicate that parafascicular input to striatal cholinergic neurons affects behavioral flexibility (Bradfield et al., 2013; Brown et al., 2010; Ding et al., 2010) . Past experiments have shown that 6-OHDA lesions of the nigrostriatal system alter parafascicular thalamic signaling into the striatum (Jouve et al., 2010; Parker et al., 2016; Yan et al., 2008) . Thus, dopamine reductions in the striatum may also lead to a dysregulation of parafascicular input to striatal cholinergic interneurons that contributes to a behavioral flexibility deficit.
Phasic dopamine signaling from the dorsomedial striatum or nucleus accumbens core can change when there is a switch in task contingencies (Brown et al., 2011; Klanker et al., 2015) .
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One possibility is that dynamic changes in phasic dopamine signaling is critical to reverse an established choice pattern based on reward feedback. One advantage of a probabilistic learning test is that it allows an examination of sensitivity to reward feedback based on win-stay and loseshift performance (Bari et al., 2010; Oades, 1997; Tsuchida et al., 2010) . Specifically, if 6-OHDA-lesioned rats had decreased sensitivity to positive reinforcement, then a decrease in winstay performance is expected. This is because a rat would be less likely to make a response that was the same response which was reinforced on the previous trial. Alternatively, if an increased sensitivity to negative reinforcement, or an increased propensity to attend to the previous reward contingencies results from 6-OHDA lesions, then an increase in lose-shift behavior should result.
Thus the selective increase in lose-shift probability in the 6-OHDA group suggests an increased sensitivity to negative reinforcement, which likely contributed to the augmented regressive errors observed in this group.
The present findings extend those reported in past studies indicating that 6-OHDA lesions of the rat dorsomedial striatum impair reversal learning performance when outcomes are certain (O'Neill & Brown, 2007; Tait et al., 2016) . Comparable to past studies, we found that 6-OHDA lesions of the dorsomedial striatum do not impair initial learning of a two-choice discrimination, but selectively impaired reversal learning. Using a probabilistic learning paradigm, we further identified that 6-OHDA lesions of the rat dorsomedial striatum impair probabilistic reversal learning by increasing perseverative and regressive errors, as well as increasing sensitivity to negative reinforcement during probabilistic reversal learning. The deficit observed in probabilistic reversal learning raises the possibility that reversal learning performance is particularly sensitive to dopamine depletion in the dorsomedial striatum when rewards are given in a probabilistic manner, such that 'correct' and 'incorrect' choices are more difficult to distinguish. In support of this possibility, the magnitude of dopamine neuronal activity is related to the degree of reward probability and greater sustained activations can occur with enhanced reward uncertainty (Fiorillo et al., 2003; Tobler et al., 2005) . Thus, the reduction in bilateral dorsomedial striatal dopamine concentrations produced by 6-OHDA may disrupt phasic dopamine signaling to reward-predictive cues that impairs a shift in response patterns when task contingencies are reversed especially under more difficult probabilistic contingencies.
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Rats were tested approximately 3 weeks following surgery (19-25 days) . Past studies have reported that while 6-OHDA injected into terminal sites of dopamine neurons, e.g. the dorsomedial striatum, leads to fairly rapid damage, it may take two weeks before significant dopaminergic cell body loss is observed in the SNc (Blandini et al., 2007; Walsh et al., 2011) .
The loss of TH+ cells in the SNc following a 6-OHDA lesion in the striatum continues to progress beyond two weeks (Blandini et al., 2007) . For this reason, we chose to test rats at a time point in which a progressive loss of TH+ cells in the substantia nigra is occurring. With 6-OHDA lesions of the nigrostriatal pathway in adult rats there can also be sprouting of dopaminergic or serotonergic fibers into the striatum (Blanchard et al., 1996; Finkelstein et al., 2000; Stanic et al., 2003; Zhou et al., 2001) . Previous experiments have reporting that sprouting following 6-OHDA lesions in adult rats occurs for serotonergic fibers at least 8 weeks following the surgery (Zhou et al., 1991) and even longer for dopaminergic fibers (Blanchard et al., 1996; Finkelstein et al., 2000; Stanic et al., 2003) . Thus, the behavioral changes observed in the present experiment unlikely result from a significant increase in the sprouting of serotonergic or dopaminergic fibers into the dorsomedial striatum.
We examined both changes in TH intensity in the dorsomedial striatum and the number of TH+ cells in the SNc, as well as correlating these measures with behavioral performance. In the 6-OHDA lesioned rats there was a significant negative correlation with a decrease in TH intensity in the dorsomedial striatum and trials to criterion in reversal learning. In a similar manner, there was a negative correlation with the number of TH+ cells in the SN C and the number of trials to achieve reversal learning criterion for 6-OHDA lesioned rats. Taken together, the findings suggest that dopaminergic signaling in the dorsomedial striatum is involved in reversing choice patterns with probabilistic reinforcement. On average, 6-OHDA treatment in the current study reduced the number of TH+ cells in the SN C by 35%. These results suggest that even a modest loss of dopamine signaling in the dorsomedial striatum can lead to cognitive flexibility impairments which could explain why similar deficits are observed, even early on in PD (Lees and Smith, 1983; Muslimovic et al., 2005; Owen et al., 1992) .
Because PD is marked by probabilistic reversal learning deficits and reductions in striatal dopamine, bilateral 6-OHDA lesions of the dorsomedial striatum can serve as a preclinical model to better understand the cognitive flexibility deficits observed in PD, as well as test potential treatments to alleviate such impairments. This may be particularly important because, at present, it is unclear whether treatments commonly prescribed to alleviate motor symptoms have any benefits in alleviating cognitive flexibility deficits in PD (Buelow et al., 2015; Castro et al., 2006; Jubault et al., 2009 ) and other treatments sometimes prescribed to reduce motor symptoms, e.g. anticholinergics, may actually exacerbate cognitive flexibility deficits (Van Spaendonck et al., 1993) . One possible future direction is to determine whether 5HT 2A inverse agonists or receptor antagonists may alleviate cognitive flexibility deficits in preclinical models of PD. The 5HT 2A inverse agonist, pimavanserin has shown to be effective in reducing psychotic symptoms in PD patients (Cummings et al., 2014) . However, treatment with 5HT 2A receptor antagonists has also been shown to enhance cognitive flexibility in rats (Baker et al., 2011) and alleviate a probabilistic reversal learning deficit in a mouse model of autism (Amodeo et al., 2014) . Thus, treatment with a 5HT 2A inverse agonist or receptor antagonist may also be effective in reducing cognitive flexibility deficits in PD. Because the present study found that 6-OHDA lesions of the rat dorsomedial striatum impairs probabilistic reversal learning this model offers an initial approach to determine whether treatment with a 5HT 2A inverse agonist or receptor antagonist may be effective in reducing cognitive flexibility deficits in PD. 
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